The paper examined the impacts of health human capital indicators on wages using cross-section data from urban Ethiopia. The study took into account both measurement error and ability biases in the earning function using instrumental variable quantile regression (IVQR) to capture heterogeneous effects of a variable across the wage distributions. Nutrition status indicators as measured by height and body mass index (BMI) were significant predictors of wages. The marginal effects of height on wages were considerably large for women than men at almost all quantiles of the wage distribution suggesting that targeted nutritional investment and interventions for women were attractive both on the ground of efficiency and distributional aspects. Formal tests for equality of coefficients confirmed that the impacts of height were indeed heterogeneous across the wage distributions. Moreover, the study found significant and large differences in the height-wage premium at all quantiles between the young and old cohorts. The differences were reasonably reflecting the additional health human capital investments that belong to young cohorts. BMI had significant impact on wages at all quantiles of the wage distributions only for young cohorts and women because women were relatively involved in lower paid jobs that require sustained physical inputs and bodily strength.
INTRODUCTION
During the past two decades, the notion that individuals invest in human capital has become widely accepted in economics. At the conceptual level, increases in a person's stock of knowledge are assumed to raise his/her productivity both in the market and non-market economy. Consumer's own time and market goods such as medical care, diet, exercise, recreation and housing are the main inputs in the household production function to generate gross investment in health capital. There are two reasons for health demand by consumers. First, as consumption *Corresponding author. E-mail: seidmohfatieg@gmail.com. Tel: +4571682034.
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goods, health directly enters consumers' preference function. For instance, sick days can be source of disutility. Second, as an investment commodity, health determines the total amount of time available for the market and non-market activities. Stated differently, higher stock of health minimizes the time lost from these activities, and the monetary value of saved time is the return to investment in health.
Like education, health is a form of human capital. Thus, one could expect that health shall be related to labor market outcomes. This link, however, received much less attention in empirical literature. There is long tradition of theoretical models of nutrition based efficiency wages in the development literature. Those who consume more calories are more productive relative to poorly nourished workers. At the very low level of intake, better nutrition is associated with higher productivity. Thus, attention should be paid to the link between health and labor market outcome because it has important implication for the level and composition of employment (Strauss and Thomas, 1998) .
It seems sound to expect that improved health results in improved functionality and productivity. Strauss and Thomas, (1998) documented the strong association between height and wages in Brazil: taller men earn more; a 1% increase in height is associated with an almost 8% increase in wages. Related findings also suggested that men who are taller and heavier (given height) earn higher wages in US. However, it is important to identify how health and nutrition influence productivity of individuals. Forbes et al. (2010) suggest that poor health reduces labor productivity through two channels: absenteeism from work and presenteeism at work. Less healthy workers are more likely to be absent from work due to illness and disability. Even though employees come to work, there will be loss of productivity as they do not work at their full capacity due to illness or other medical conditions and this is referred to as presenteeism. Standard economic theory assumes that hourly wage is a good indicator of labor productivity because profit maximizing firm wages that reflect the value of labor's marginal product. Forbes et al. (2010) defined human capital as set of attributes that help individuals to produce more output. They argued that human capital variables can include education, work experience, health, work ethics, nutrition and these variables are indeed key determinants of labor productivity. Better nutrition is associated with quality labor supply. High nutrition is also related with high productivity. Leibenstein (1957) and Stiglitz (1976) showed the link between productivity and consumption in the context of nutrition efficiency wage.
Several studies from developed countries (Young and French, 1996, Hubler, 2009 ) explained the height-wage premium in terms of the biases generated from labor market discrimination. As argued by Young and French (1996) , taller people command higher wages because they have better self esteem compared to shorter people. Empirical investigations from developed countries also confirmed the positive effect of height on wages using household level data (Persico et al., 2004 Unlike developed countries, there are few studies in developing countries (Schultz, 2002; Alderman et al., 2006; Kedir, 2009; Komlos and Bauer, 2003; Deolalikar, 1988) that investigate the link between height and wages using micro-level data. However, the quality of these researches varies in terms of data coverage, choice of relevant methodology and robustness of the results for sound policy implications. As argued by Albrecht et al. (2003) , in consistent parameter estimate might arise if a particular model is not well specified due to wrong combination of choice variables and in appropriate regression method.
On the other hand, there are ample empirical cross
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country studies that show the link between health and aggregate output at macro-economic level both in developed and developing countries (Bloom et al., 2004; Barro and Sala-i-Martin, 1995; Sachs and Warner, 1997) . In these studies, life expectancy was used as measure of aggregate health though it is considered as crude measure. All these studies suggested that life expectancy had positive, significant and sizable effect on economic growth. As argued by Bloom et al. (2004) , the micro economic estimates of health were not significantly different from the macro-economic estimates.
Since Ethiopia is one of the poorest developing countries with abundant labor, productive use of labor is the central feature of the development process and it is the main route to reduce poverty, income inequality and stride on the growth ladder. This motivates the current study to find significant causal relationship between nutrition, health and wages with the fact that treating health as part of human capital received less attention in literatures.
The current study has unique contributions to the existing literatures. Endogeneity tests of some variables reveal that education is indeed endogenous in the earning function. Thus, education is instrumented using relevant and valid instruments to obtain consistent and reliable estimates within quantile regression (QR) framework. It is also an innovative idea to provide separate estimates for young and old cohort to capture unobserved heterogeneity related to genetic difference in height.
The study documented heterogeneous effect of height on wages. In addition, the large and significant estimates of height for young cohorts compared to the old imply that the difference in the estimates reflects the possession of extra health human capital by the young.
METHODOLOGY Data
Micro data used in this study are drawn from Ethiopian Urban Household Survey (EUHS) for the year 2000/2001. For the purpose of instrumenting BMI, the 1997/1998 household survey has also been used. The survey was conducted by the department of Economics of Addis Ababa University, Ethiopia in collaboration with the departments of Economics, Goteborg University, Sweden, and Michigan State University, USA. Random sampling technique was used to survey nationally representative of approximately 1500 households residing in 7 largest urban centers (Addis Ababa, Dessie, Bahir-Dar, Jimma, Mekelle, Awassa, and Dire-Dawa). The number of sample households in each area was proportional to the population of the town relative to the national urban population (900 households from Addis Ababa; 100 households from Jimma, Dessie, Mekelle, and Bahir-dar; 125 and 75 households, respectively from Dire-Dawa and Awassa). The allocation of samples to districts (woredas) and kebeles within each town was also proportional to population size.
A new list of households from each enumeration areas was used as a sampling frame to select households from sample enumeration areas. The overall response rates for the households were 95%. According to Krishnan et al. (1998) , the 5% non-response (attrition) was due to re-allocation and refusal of some households for interview. Thus, the final sample consisted of 1423 households. The survey contains relevant information about household characteristics including, education, health, demographics, household business, employment, incomes, credit and welfare. For the purpose of analyzing the height-wage premium, our sample is restricted only to wage earners. The final sample for our econometric regression consists of 820 individuals after cleaning the data in many reasonable ways. The female and male samples comprise of 323 and 497 individuals, respectively. Since anthropometric measures of health (Height, BMI) may be exposed to measurement errors, some extreme values are excluded from the data. In addition, the study selects individuals whose age lies between 15 and 65 and those with adequate wage information.
Descriptive analysis of samples
The basic descriptive statistics are reported in Table 1 . The average monthly wage is amounted to 299 Ethiopian birr. The wage data exhibit quite a high variation (standard deviation is 317.8) suggesting that there is substantial wage inequality among individuals. The median wage is less than the mean wage indicating wage data is not normally distributed.
BMI is defined as the weight in kilogram divided by the square of the height in meters (kg/m 2 ). BMI may capture both the shorter and longer dimensions of nutritional status and health. From Table 1 , the mean BMI is 22.84 kg/m 2 . According to World Health Organization (WHO) report (2000), the mean BMI for adults would be estimated to lie between 22-23 kg/m 2 for Africa and Asia. We find that the mean BMI of Ethiopia lies in this range. Based on the international classification of adult weight, BMI of over 25 (inclusive) and below 18.5 are defined, respectively as overweight and underweight. A BMI of over 30 kg/m 2 is defined as obese. People with BMI above 18.5 and below 25 tend to be normal. As Table 2 shows, 71% of the sampled individuals have BMI that lie in the normal range. 69.87% women's BMI stood at the normal and accepted intervals while it is much higher for men (78.26%). Compared to men, women are found to be obese, under nutrition and overweight. The current obesity rate in Ethiopia (3%) is by far small as compared to US (28%) and pacific islands-Nauru (79%) as reported by WHO for the year 2000.
Based on Kernel density function (Figure 1 ), men earn higher wages than women as the distribution of men wages shifted further to the right. It implies that large proportions of men wage earners are in the upper tail of the distributions compared to women wage earners. The density function shows not only the change in the position of the mean but also the change in the shape of the wage distributions. This informs us to examine the effect of height across the entire distributions.
Finally, respondents were asked to give self-reported health status. The health and nutrition status indicators include whether the person walks for 5 km; carries 20 liters of water for 20 m; stands up after sitting or can sweep the floor. Respondents that have higher mean height are the ones who do these activities easily or with little difficulty. Height may be a good proxy for health.
Econometric method
The theoretical ground and the econometric model specifications are adopted from the works of Grossman (1972) and Mincer (1974) . Following the seminal work of Grossman (1972) , the generic health production function for an individual can be written as:
Where, H represents an array of measured health outcomes.
Health outcomes depend on a vector of health inputs ( N ) and labor supply ( L ). A and B , respectively indicate sociodemographic characteristics and family background (parental and public health infrastructure and treatment practices) while D includes other environmental disease.
u and e , respectively show inherent healthiness and measurement error which are unknown to the econometrician. Mincer's earning function is core to the empirical estimation. Cahuc and Zylberberg (2004) provided derivation of the Mincer model. Based on this, the wage function for individual i will be: log 
H denotes a vector of mental and physical health variables (specifically, height and BMI). 
The linear programming method shall be applied to the minimization problem. For  equals to 0.5, we obtain median regression called least absolute deviations. When error terms are asymmetric, only QR offers consistent estimates. As opposed to ordinary least squares (OLS), QR gives asymmetric penalties, i.e.
 for under prediction and 1   for over prediction. Like OLS estimates, QR coefficient represents the partial derivative with respect to a particular covariate at a given quantile. Unlike OLS, QR is insensitive to outliers; more efficient for the non-normal error distributions; does not require conditional mean for consistency and may have better properties in the presence of Heteroskedasticity (Deaton, 1997) . Following Arias et al. (2001) , estimation of instrumental variable quantile regression (IVQR) involves two steps. In the first step, robust OLS estimation of schooling on its instruments and additional controls is conducted. In the second step, QR of the earning model is run by including predicted value of schooling from the first stage in place of actual schooling. 
EMPIRICAL RESULTS
Here, it presents the IVQR results for the full sample, female, male, young cohorts (age 16-35 years) and old cohorts (age 36-64 years). The study examined and tested whether schooling variable is exogenous in the earning function and the test suggests that the variable is endogenous which confirms the existence of interaction between schooling and ability in earning specification. Within the context of Robust OLS regression, educational attainment model is estimated. The schooling variable is instrumented with parents' education (completed years of schooling by the father and mother). Moreover, access to education is deemed an important instrument for education and BMI. Location is a good proxy for relative prices of food nutrients, disease environment, education and health infrastructure (Currie and Madrian, 1999; Case and Paxson, 2008) . These instruments satisfy the two conditions that are required for legitimate instruments. First, instruments are sufficiently strong and relevant because the F-statistics 1 is greater than the critical value of 10 considered as a cutoff point by Staiger and Stock (1997) . Second, the Sargan test 2 for identification restriction ensures that instruments are indeed valid and exogenous as they cannot influence the earning function.
BMI is also suspected to be endogenous. With this regard, location and lagged value of BMI were taken as an instrument. BMI 3 was found to be exogenous as the residuals (V) from first stage regression of BMI on its instruments and other controls are statistically insignificant in the structural wage function. Employing two stage least square (2SLS) in the estimation of height, BMI, schooling and experience implicitly assumed that each covariate affected all quantiles of conditional wage distribution in the same way. As shown in Table 3 , how-ever, IVQR estimators depicted heterogeneous impacts of height and education across the wage distributions. For instance, return to education at 90 th quantile was less than by 40% as compared to return to education at 10th quantile, which was missed in 2SLS estimation.
The study found that QR (estimates are available on request) underestimated the impact of human capital variables on earnings compared to the IVQR estimates. As shown in Table 3 , all variables maintained the expected sign. Schooling, height, BMI and experience were statistically significant at all quantiles with any reasonable confidence level. Returns to education uniformly declined as we moved from lower quantiles to higher quantiles of the wage distributions. This finding implied that education was an important policy vehicle to minimize within-groups income inequality. In addition, height and BMI were positively and significantly correlated with wages at all quantiles.
For instance, an increase in height by 10 cm would cause wages to increase by 21.9% at 10 th quantile while the same increase in height resulted in a rise in wages by 28.7% at 90 th quantile. In regression, height and education are expressed in meter and years, respectively.
Estimation of IVQR by gender is presented in Tables 4  and 5 . Height was significant predictor of men's and women's wages at higher quantiles but not at lower quantiles (10 th and 25 th ). The height -wage premium was higher for women than for men at all quantiles except at the 25 th quantile. BMI was found to be important determinant of women's wage. But, it was statisticallyinsignificant for men at almost all quantiles of the wage distributions. Returns to education were remarkably higher for men at all quantiles compared with returns to women.IVQR estimation results by age cohorts are indicated in Tables 6   and 7 . As shown in these tables, the height-wage premium was higher for young cohorts than for old cohorts at all quantiles. Similarly, Figure 2 also portrayed the estimated positive gap at all quantiles. For instance, based on the median result, 10 cm change in height brought a higher return for young (37.5%) than for old cohort (13.6%). The reason is that young cohorts were heterogeneous in health human capital investment at their childhood and adolescence while old cohorts were more homogeneous in this respect. The difference in height premium between the young and old indicated the return to health human capital investment that would accrue to the young. In fact, this is important finding as it sheds light for the daunting task of identifying the casual effect of height on wages as the variable is contaminated with unobservable factors in earning function.
DISCUSSION
As shown in Table 3 , height was significantly and positively correlated with wages at all quantiles. This finding is in line with many empirical studies that documented wage-height premium (Komlos and Bauer, 2003; Russel and Wenshu, 2009; Heineck, 2005) . Except at 90 th quantile, the effects of height uniformly increased as we moved from lower to higher quantiles. This result seems sound because people at higher income brackets are expected to have higher nutrition investment at childhood and adolescence and that nutrition potentially affected their productivity at later stage (adulthood). As indicated by Strauss and Thomas (1998) , height is a cumulative effect reflecting investments in nutrition during one's life, especially at childhood. Similarly, our sample showed that people at higher end of the wage distribution were relatively more educated. Better educated and wealthier parents are alleged to be more concerned about good nourishment of their children because they know that the market pays height premium.
They are also better informed about long range health effect of consumption patterns. Hence, better nutrition implies better health status measured by height. Consequently, taller people are more productive and generate higher income. Thus, it is reasonably convincing to obtain relatively large estimates of height at upper quantiles compared to the effects of height at lower quantiles. This estimation results might not understate the impact of height on wages. The reason is that individuals within a certain wage range might have similar unobserved characteristics. By restricting estimation into many quantiles, QR could minimize genetic bias. Hence, the height-wage premium was mainly reflecting the human capital return differences in health and nutritional in take during childhood and adolescence rather than only the effect of genetic variation in health.
Similarly, BMI was found to be positive and significant predictor of wage in the full sample regressions. The effect of BMI on wages was increasing from 3% at 10 th quantile to 5.7% at the 75 th quantile. Since overweight individuals were representing small portion of the total sample size, the positive and significant effects of BMI were expected in the context of Ethiopia. Experience and its square maintained the predicted sign for different groups of the samples in all quantiles. As predicted by human capital theory, the wage-experience relation tracked an upward inverted shape with statistically significant effect of experience on wages at all quantiles in the full sample regression. Based on the median regression result, the wage peak occurred at 24 years of experience for the whole sample where as it occurred at 19 and 23 years of experience, respectively for women and men. Suppose an individual begins to work at age 20, then women wage peak at age 39 while men wage peak at age 43.
As Tables 4 and 5 shows, returns to education for women were higher than returns to men at all quantiles.
This finding is in line with the empirical generalization that returns for women are higher than for men in developing countries. In addition, returns to education declined over the pay scale for men and women. Investment in education was economically efficient because returns were positive and significant and it was also attractive because it improved income distribution. Hence, a maximizing total private return requires expansion of education to more disadvantageous.
As presented in Table 4 and 5, the height -wage premium was higher for women than for men at all quantiles except at 25 th quantile. For instance, based on the median result (50 th quantile), an additional 10 cm increase in adult height resulted in a higher return for women (30.2%) compared to the return for men (16%). This finding is supported by many empirical studies that investigate the link between height and wages (Schultz, 2002; Rosenzweig and Schultz, 1982; Russel and Wenshun, 2009) . But, Kedir (2009) finds that height is not significant factor affecting women's productivity. His finding is not consistent with our finding that height was indeed important determinant of both women's and men's productivity. Even height had sizable effect for women than for men.
The reason might be due to the fact that nutritional intake and health care access are remarkably lower for girls than for boys in developing countries in general and in Ethiopia in particular. Parents prefer boys to girls because they perceive that health care availability and nutritional investment generate more income and employment for boys than for girls. Thus, malnutrition is more binding constraint on adult height. However, returns to height were substantially higher for the relatively smaller proportion of girls who were fortune to obtain more nutrition and health care. A similar argument that supports our result is directed to the findings of Schultz (2002) . He finds that height-wage premium is stronger in Ghana than US, reflecting diminishing return to health human capital in developed countries relative to low income countries.
Finally, the study found that the effects of height on women wages were significantly higher at the upper wage distributions. Figure 3 shows the visual comparison where the coefficients across quantiles are plotted along with 2SLS estimates and with the respective 95% confidence band. Formal test of the hypothesis that women's estimated height coefficients are equal across quantiles was conducted and the null hypothesis of equal coefficients 4 is rejected, confirming our deductions of heterogeneous returns based on Figure 3 and Table 5 . Except at 25 th quantile, BMI is significantly and positively associated with wages for women while it is insignificant for men.
As shown in Table 6 , we found that BMI was statistically significant predictor of wage with any reasonable confidence levels at all quantiles for young cohorts. We concluded that BMI was strong determinant of wage for young, women and full sample regressions but not for men and old cohorts. BMI is indicator of short term nutritional status of individuals. Especially, as shown in the tables, the effect of BMI was too strong for those people earning low income (like women and manual laborer who are less educated to obtain sedentary occupation) as the job is demanding more and sustained physical input and bodily strength. This result is consistent with biomedical evidences that high calorie intake enhance productivity if it is only below some threshold level. On ground of efficiency and distribution, it is highly commendable to ensure food access and availability to the relatively poor workers through alternative food aid package programs. From policy perspective, our finding calls for targeted nutritional intervention to women 4 F(4,316)=2.71 with P-value =0.0302 . The effects of height across the distributions are indeed heterogeneous.
to increase their productivity and improve income distribution.
Conclusion
This study applies IVQR to explore the effect of height and BMI on earning using cross section data drawn from Ethiopian urban household survey. It is found that wage is positively and significantly affected by education, height, BMI and experience at all quantiles of the wage distribution. The study also finds that education reduces within-groups income inequality as returns to education decline over the pay scale. Nutrition and health status indicators measured by height and BMI are found to be significant predictors of wage. Based on the median IVQR estimation results, 10 cm change in height increase wages by 26.6%. The returns to height increases as we move to higher quantiles of the wage distributions which support the argument that high nutrition leads to high productivity of individuals. From policy point of view, investment in human capital in the form of enhanced nutrition and health care during childhood and adole-scence has the potential to considerably increase height and thereby productivity for adults.
Similarly, the study finds that height is positively and significantly correlated with wage for both male and female at almost all quantiles of the wage distributions.
However, the height-wage premium is higher for females than males at all quantiles except at 25 th quantile. Given the fact that nutritional intake and health care availability are lower for girls than boys in Ethiopia, the marginal impacts of nutrition investment on wages are higher for female than male. From policy perspective, targeted nutritional interventions for girls are more important to reduce gender wage gap inequality. The estimates of height on wages for young cohorts are significantly large compared to the returns of height for old cohorts at all quantiles of the wage distributions. Differences in the estimates between young and old cohorts reflect the extra health capital investment that will belong to young cohorts.
BMI has been found to be positive and significant for full samples, females and young at all levels of wage distributions while it is not significant for males and old cohort even though the coefficient is positive. As an indicator of short term and current nutritional status of individuals, the effects of BMI are important for female who participate in energy intensive home production and non-sedentary occupation in addition to other labor market activities. In general, the study concludes that the impacts of height on wages are heterogeneous as it is reasonably confirmed by formal tests. In addition, the relatively large estimates of height on female wage suggest that nutrition intervention and investment for girls are justified on the grounds of efficiency and distributional aspects. Since the study uses urban household, future study may also incorporate rural household though the data are scant.
